Background. The numbers of human immunodeficiency virus (HIV)-infected women initiating antiretroviral therapy (ART) in pregnancy are increasing rapidly with global policy changes. There are widespread concerns about ART adherence during pregnancy and postpartum but few data on viral suppression (VS) over time in these populations.
The past 5 years have witnessed major policy shifts in eligibility for antiretroviral therapy (ART) for prevention of motherto-child human immunodeficiency virus (HIV) transmission (PMTCT) in low-and middle-income countries. In settings adopting the World Health Organization's (WHO) "Option B+" strategy, calling for universal initiation of lifelong ART in all pregnant and postpartum women regardless of CD4 cell count or HIV disease stage, the numbers of HIV-infected women starting ART in pregnancy or postpartum have increased by ≥3-fold [1, 2] . In addition to their implications for PMTCT programs, experiences implementing Option B+ services are particularly important in light of new policy recommendations for universal ART initiation in all HIV-infected individuals [3] .
However, there are notable concerns around ART adherence in pregnant and postpartum women [4] . Studies from routine care settings across Africa have demonstrated that retention of women on ART worsens in the postpartum period [5, 6] . This raises the possibility that disengagement from care and nonadherence could contribute to loss of viral control, with viremia undermining the benefits of ART in terms of both vertical transmission risk and long-term maternal health. Despite these issues, there are no data from low-and middle-income countries documenting viremia under policies of universal ART during pregnancy and the postpartum period. With viral load (VL) monitoring emerging as a standard of care for ART services, and pregnant and postpartum women identified as a priority population for VL monitoring, there is an urgent need to understand viral control in pregnant and postpartum women on ART in routine care [3, 7] . We examined patterns of viremia after initial suppression in women starting ART during pregnancy in routine health services in Cape Town, South Africa.
Data were drawn from the Maternal & Child HealthAntiretroviral Therapy (MCH-ART) study, an implementation science study investigating optimal ART services for pregnant and postpartum women (ClinicalTrials.gov identifier NCT01933477). The design and methods have been described previously [8] . In brief, between April 2013 and May 2014, we recruited a cohort of 620 consecutive ART-eligible HIVinfected pregnant women at their first antenatal care (ANC) visit at a large public-sector primary care facility and followed participants up to 12 months postpartum. From April to June 2013, ART eligibility was determined by clinical and/or immunological status (based on WHO stage III/IV disease or CD4 count ≤350 cells/µL); from July 2013 to May 2014, all HIVinfected pregnant women were ART eligible regardless of CD4 cell count or disease status (Option B+) [9] . ART initiation and clinical follow-up took place as part of routine healthcare services, with all women initiating a once-daily, fixed-dose combination of tenofovir 300 mg, emtracitabine 300 mg, and efavirenz 600 mg.
In parallel, participants attended up to 9 study visits, organized separately from routine care, at regular intervals during pregnancy and postpartum. Cohort enrollment and the first study visit for all women was the day of the first ANC visit. In women making their first ANC visit at or before 30 weeks' gestation, the next study visit was scheduled for 2 weeks after their first ANC visit, and then between 34 and 36 weeks' gestation. For women making their first ANC visit from 31 to up to 35 weeks' gestation, a second study visit was scheduled for between 34 and 36 weeks' gestation. For women making their first study visit at or after 36 weeks' gestation, there were no further antenatal study visits. Postpartum follow-up visits were carried out on a fixed schedule of 6 visits held at 7 days and 6 weeks postpartum, then every 3 months from 3 to 12 months postpartum. If participants were late or early to a scheduled study visit, we allowed visit windows up to the midpoint of the interval to the preceding or following visit, as appropriate.
At study visits, participants completed brief questionnaires collecting demographic and clinical information (including age and obstetric and medical history including previous antiretroviral exposure), and additional clinical data were abstracted from routine clinic records. Separate from VL monitoring conducted as part of routine care [10] , at each study visit participants provided 5 mL of venous blood for de-identified batched testing using the Abbott RealTime HIV-1 assay (Abbott Laboratories, Chicago, Illinois) conducted by the South African National Health Laboratory Service. De-identification took place through use of a participant identification number generated separately from patient clinical folder numbers or other unique identifiers, with an access-controlled identification log used to link participant data during analysis. All women provided written consent prior to enrollment, with approval from the research ethics committees of the University of Cape Town and Columbia University.
Analyses were conducted using Stata software version 13.0 (StataCorp, College Station, Texas) or R version 3.2 (R Core Team, Vienna, Austria). All analyses were restricted to women with documented viral suppression (VS; defined as <50 copies/ mL) during follow-up. After initial suppression, we categorized each subsequent VL measure as suppressed or elevated to minor (50-1000 copies/mL) or major (>1000 copies/mL) viremic episodes, following the guidelines used for clinical decision making in South African [10] , US [11] , and WHO [3] policy, and based on the observation that mother-to-child transmission risk appears to be substantially lower in patients with viral loads <1000 copies/mL [12, 13] . Sensitivity analyses modeled a binary definition of viremic episodes based on >50 copies/mL and then >400 copies/mL.
The incidence of viremic episodes was estimated per 100 woman-months on ART. Product-limit methods were used to estimate the cumulative proportion of women experiencing viremia over time. Mixed-effects Poisson models compared incidence rates in subgroups of participants; results are expressed as incidence rate ratios (IRRs) with 95% confidence intervals (CIs).
RESULTS
In 620 women initiating ART during pregnancy, 523 (84%) had viral load data available following initial VS during follow-up and are included in this analysis. The main reasons for exclusion were failure to achieve VS during the observation period (n = 85, including 11 individuals on whom observation stopped due to death or pregnancy loss, 18 women lost to follow-up during the study, and 56 women on whom observation was censored immediately after delivery by design), or no viremia detected pre-ART due to suspected ART use prior to enrollment (n = 12).
Among 523 women achieving viral suppression, the median age in the cohort was 28 years; the median gestation at ART initiation was 21 weeks; 24% of the cohort had previous exposure to short-course antiretrovirals for PMTCT whereas 3% had defaulted ART and were restarting therapy; the median pre-ART CD4 cell count was 345 cells/µL and the median pre-ART VL was 3.99 copies/mL (Table 1) . After initial VS, a total of 5092 woman-months of observation were accrued in the cohort (median time of follow-up from VS, 322 days [interquartile range, 141-410 days]); 86% of observations took place postpartum (4385 vs 707 woman-months antepartum). A total of 2636 VL tests were conducted in this period (median number per woman, 5). Figure 1 shows the patterns of virologic responses after ART initiation. Overall, 70% of the cohort (n = 364/523) sustained VS throughout the follow-up period, whereas an additional 8% (n = 45/523) experienced minor viremic episodes only. At least 1 major viremic episode was documented in 22% of women, and the majority of these episodes (58%) involved >1 VL measure >1000 copies/mL. Figure 2 shows the distribution of VL results by timing before and after delivery. The proportion of elevated VL measures increased steadily with increasing time after initial VS; cumulatively, by 1 year postpartum, 37% of women in the cohort had experienced at least 1 viremic episode >1000 copies/ mL. In women with any viremia postsuppression, peak viremia (median, 3.79 log 10 copies/mL) was linearly related to pre-ART VL (P < .001).
During follow-up, 117 major and 56 minor episodes of viremia were observed after initial VS (incidence, 2.3 and 1.1 per 100 woman-months, respectively); incidence did not vary by calendar time of PMTCT policy. In a mixed-effects model adjusted for pre-treatment VL and duration of ART use ( Table 2 but restricted to person-time during the postpartum period, each additional month postpartum was associated with an 11% increase in the incidence of viremia (IRR, 1.11 [95% CI, 1.07-1.15]). In sensitivity with viremic episodes defined as either >50 copies/mL or >400 copies/mL, the results did not differ appreciably (Supplementary Table 1 ).
DISCUSSION
These are among the first data documenting the frequent loss of viral control after ART initiation and viral suppression in public-sector Option B+ PMTCT programs in Africa. The key findings are that up to one-third of women who achieve initial viral suppression experience viremia within 1 year postpartum, and that most of these women experience VL >1000 copies/mL, often with repeated episodes over time.
These findings should be generalized with caution. The results are from a single urban setting of South Africa, and while the participants are patients receiving routine public-sector healthcare, the frequency of viremic episodes may differ across programs and countries. Yet the high incidence of viremia on ART in routine care documented here is of clear concern and has significant implications for the population-level impact of policies for universal ART. The levels of sustained VS up to 12 months postpartum (70%) are substantially less than global targets of 90% [3] . In turn, it is clear that the benefits of universal ART initiation for pregnant women, including reduced risk of vertical and horizontal transmission as well as long-term optimization of maternal health, may be jeopardized at a population level.
There are at least 2 broad explanations for the viremia after initial viral suppression demonstrated here. The association between incident viremia and younger age-found previously in studies of nonretention under Option B+ services-may point to short-term, behavioral drivers [14] . In addition, the findings for increased frequency of viremia in the postpartum period is consistent with the hypothesis that women's motivations for ART adherence in the antenatal period may be linked more directly to PMTCT, but motivations may wane with time postpartum. We also found that previous defaulting of triple-drug ART prior to restarting in pregnancy appears associated with increased rate of viremic episodes, which may suggest underlying antiretroviral resistance in this population or, alternatively, established behavioral patterns of nonadherence. While we did not have measures of adherence or resistance in this analysis, the etiology of viremia during pregnancy and postpartum needs careful elucidation to inform the most appropriate strategies for both investigation and management. Interestingly, the levels of viremia documented here are broadly similar to those found in routine care cohorts in Europe and North America. For example, in an analysis of women initiating ART during pregnancy in England and Ireland who were virally suppressed at delivery, 35% had evidence of viral rebound (>200 copies/mL) up to 6 months postpartum [15] . Similarly, in a cohort of women in the United States, 56% of women who were suppressed at delivery had VL >1000 copies/mL at 12 months postpartum [16] . The parallels across countries in findings for high levels of viremia in HIV-infected women during the postpartum period despite access to ART are striking, and may point to cross-cutting psychological, social, and/or behavioral drivers of ART nonadherence during this phase of women's lives; understanding why levels of viremia on ART appear so consistent across settings in this patient population remains a critical question for optimizing HIV treatment programs globally.
These data raise important questions regarding postnatal transmission through breastfeeding. Previously we described early mother-to-child transmission that appeared to be heavily influenced by maternal viremia at delivery [17] . Although we do not have data available on transmission in breastfed infants after 12 weeks of age, the dose-response association between maternal VL and vertical transmission risk suggests that there may be increased transmission to infants of viremic women breastfed for longer periods [18] [19] [20] . In light of recent recommendations that all HIV-infected women on ART breastfeed for at least 12 and up to 24 months [21] , these data highlight the importance of effective detection and management of postpartum viremia to reduce the incidence of HIV in infants.
With VL emerging as the standard of care for ART monitoring in low-and middle-income countries, these data have important implications for monitoring in pregnant and postpartum women. The high incidence of viremia >1000 copies/mL in this population points to the likely yield of VL monitoring in these populations, while programs that conduct VL monitoring in pregnant and postpartum women only annually-as is widely promulgated for adults outside of the context of pregnancy [7, 22] -are likely to delay detection of elevated VL. Based on these data, VL monitoring at regular intervals during the first year postpartum (ie, at 6 and/or 12 months postpartum) may be likely to have a substantial yield. However, precisely when and how frequently monitoring should take place requires research attention in terms of both optimal clinical outcomes and the cost-effectiveness of different monitoring schemes [23] . And whereas earlier and/or more frequent VL testing for pregnant and postpartum women may be required to detect loss of viral control as early as possible, effective interventions to prevent and manage viremia are required [24] .
In summary, these novel data show that viremic episodes following initial viral suppression occur frequently in women initiating ART during pregnancy under Option B+ policies. Based on this finding, there is an urgent need to understand better the causes of viremia as well as the optimal VL monitoring and intervention strategies for pregnant and postpartum women to maximize the benefits of universal ART policies toward maternal and child health.
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